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Abstract
The inhibitory effects of alfalfa (Medicago  sativa  L.) residues on seed germination, nutrient uptake and growth of broad beans
(Vicia  faba  L.) grown in two soil types (clay and sandy soil) were investigated. An 8% aqueous extract of M.  sativa  strongly inhibited
(41.2%) the seed germination index and the plumule and radicle lengths (by 8.6 and 4.1 cm, respectively) as compared with controls.
The phytotoxicity of the aqueous extract increased from 9.9% to 59% when the concentration was increased from 1% to 8%.
Addition of M.  sativa  crude powder significantly reduced the accumulation of total stem, leaf and root dry matter when applied
at the maximum concentration (8%) in both clay and sandy soil, with greater inhibition in plants grown in clay than in sandy soil.
The maximum concentration of the crude powder had a greater negative effect on N, P and K uptake when applied to clay soil than
when applied to sandy soil. The study indicates that soil type is an important factor in the allelopathic effects of alfalfa on broad
beans.
© 2014 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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1.  Introduction
Many studies have been conducted on the allelo-
chemical effects of plants and the use of allelopathy
in agriculture [1]. These studies show that allelopathic
interactions and competition are important in multiple
cropping systems [2–5]. Soil also plays an impor-
tant role, as it is the matrix through which potential∗ Corresponding author. Tel.: +20 1275912228.
E-mail address: hodasalim2003@yahoo.com (H.A. Abdelaziz).
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allelochemicals are adsorbed and pass. The allelochem-
ical concentrations available to neighbouring plants
are significantly affected by the abiotic and biotic
degradation that occurs in the soil environment [6,7].
In addition, soil pH, soil moisture and nutrient content
significantly affect the concentrations of allelochemicals
[8,9]. It is for this reason that crop rotation is used in
agriculture, to avoid autotoxicity.
Broad beans are valuable both economically and
nutritionally. They are eaten commonly by the Egyptian
population and are also included in the diet of breeding
animals. In El-Hammam region, about 75 km southwest
of Alexandria, broad beans are traditionally cultivated
after harvesting of alfalfa; however, the crops of broad
beans appeared to be adversely affected by this system.
The objective of this study was to determine the influ-
ence of type of soil on the possible allelotoxic effects
of alfalfa crop residues on the germination, growth and
nutrient uptake of broad beans.
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.  Materials  and  methods
Field observations were made during the summer of
012 and 2013 in an area of 6.3 ha in El-Hammam region
ultivated with broad beans after harvesting of alfalfa.
.1.  Preparation  of  aqueous  extracts  Medicago
ativa
A stock aqueous extract was obtained by soaking air-
ried alfalfa plants in 10% (w/v) distilled water at room
emperature (20 ±  2 ◦C) for 24 h with occasional shak-
ng. The mixture was filtered through Whatman No. 1
lter paper, and the purified extract was adjusted to pH
.8 with 1 M HCl. Concentrations of 1%, 2%, 4% and
% were prepared from the stock solution with distilled
ater and were kept in a refrigerator at 5 ◦C until use.
.2.  Germination  bioassay
Ten broad bean seeds were arranged in 9-cm Petri
ishes lined with two discs of Whatman No. 1 filter
aper under normal laboratory conditions, with a day
emperature of 19–22 ◦C and a night temperature of
2–14 ◦C. Aliquots of 6 and 10 ml of each dilution of
lfalfa extract were added daily to three replicates. The
ercentage germination and the lengths of the plumule
nd the radicle were recorded 15 days after the end of
he experiment. The seed germination index (SGI) was
alculated according to Scott et al. [10], as follow:
GI =
∑
Ti  Ni/S,
here Ti  is the number of days after sowing, Ni  is the
umber of seeds germinated on day i, and S  is the total
umber of seeds planted.
The phytotoxicity (PT) of the target species was
xpressed as a percentage of the germination at differ-
nt concentrations with respect to control, higher values
ndicating lower toxicity [11]:
T = 1 −  (allelopathic/control)
100
.
.3.  Effect  of  soil  type
Six soil samples were taken from natural sites at
hich the potentially allelopathic materials are not
resent. The samples were air-dried, passed through a
-mm sieve to eliminate grasvel and debris and ana-
yzed for chemical and physical properties according to
llen et al. [12]. Broad bean seeds were obtained fromiversity for Science 8 (2014) 84–89 85
the Breeding Programme of the Agricultural Research
Centre, Giza, Egypt.
A pot experiment was then carried out to test the
effects of different concentrations of M.  sativa  crude
powder (w/w) on dry matter accumulation, nutrient
concentration and uptake in broad beans grown in clay
or sandy soil. Ten broad bean seeds were sown into
plastic pots (diameter 20 cm ×  height 22 cm) containing
sandy loam soil mixed with crude powder of alfalfa
plants (w/w) at concentrations of 1%, 2%, 4% and
8%. The experiment was performed under normal
laboratory conditions at day temperatures of 19–22 ◦C,
a light duration of 12 h and a light intensity of 1350 foot
candles. The plants were watered every 2 days on
average with normal tap water, from the top the first
time and sub-irrigated thereafter to avoid seedling
disturbance. The amount of water corresponding to
average soil–plant transpiration was calculated from the
weight loss over 24 h in three replicates. Broad bean
seedlings were harvested 1 month after planting. A
control series contained no crude powder.
Complete, morphologically homogeneous broad
bean seedlings were harvested from each treatment pot,
washed and dried at 65 ◦C, and the weights of the stem,
leaf and root and total weight were determined. A portion
of the dried samples was ground in a Wiley mill to pass
though a 1-mm2 screen. N, P and K were determined
according to the procedures described by Allen et al.
[12]. At the end of the experiment, 1 month after sow-
ing, the total nutrient uptake (mg/plant per month) at each
crude powder concentration was calculated according to
El-Darier [13] from:
Total nutrient uptake =  Nutrient concentration
×  Total dry weight.
2.4.  Statistical  analysis
Data were analyzed by standard analysis of vari-
ance (ANOVA) with COSTAT 2.00 statistical analysis
software (CoHort Software) [14]. Differences were con-
sidered to be significant at p ≤  0.05.
3.  Results
The analyses of the two types of soil are shown in
Table 1.
The effect of M.  sativa  aqueous extract on percentage
germination, the seed germination index and the phyto-
toxicity of broad bean seeds are presented in Fig. 1. Most
of these growth parameters were significantly affected by
increases in aqueous extract concentration.
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Table 1
Main physical and chemical characteristics of the two types of soil
used in the pot culture experiment.
Property Soil type
Sand Clay
Physical
Sand (%) 77.8b 10.8a
Silt (%) 13.7b 29.5a
Clay (%) 8.5b 69.7a
Chemical
Organic matter (%) 3.4a 7.46b
Electrical conductivity (mg/g) 0.48a 0.86b
pH 8.1b 7.0a
K (mg/g) 0.095b 0.009a
Na (mg/g) 0.200b 0.110a
Ca (mg/g) 1.6b 0.08a
Mg (mg/g) 1.85b 0.036a
HCO3 (mg/g) 1.04b 0.488a
Different letters (in rows) indicate significant differences (p < 0.05) as
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Fig. 2. Allelopathic effects of different concentrations of Medicago
sativa aqueous extract on plumule (PL) and radicle (RL) lengths
(cm) and total seedling length (TSL) 15 days after sowing Vicia fabaevaluated in a one-way ANOVA test.
The plumule and radicle lengths of broad bean
seedlings were significantly reduced with increasing
concentrations of aqueous extract (Fig. 2). Growth was
significantly affected by both allelopathic concentration
and soil type (Table 2), the total weights and the weights
of stems, leaves and roots being significantly reduced by
the addition of 8% M.  sativa  crude powder in both clay
and sandy soil. Increasing concentrations of M.  sativa
crude powder increased N, P and K concentrations
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Fig. 1. Allelotoxic effect of different concentrations of Medicago
sativa aqueous extract on germination percentage (GP), seed germi-
nation index (SGI) and phytotoxicity (PT) 15 days after planting Vicia
faba. Numbers are means of three replicates. Different letters for each
parameter indicate a significant difference at p ≥ 0.05 as evaluated in
an ANOVA test. Vertical bars indicate standard error.seedlings. Numbers are means of three replicates. Different letters for
each parameter indicate a significant difference at p ≥ 0.05 as evaluated
in an ANOVA test. Vertical bars indicate the standard error.
(Table 3), but the uptake of these ions decreased over
time (Fig. 3).
4.  Discussion
M.  sativa  aqueous extract inhibited radicle and
plumule elongation, to an increasing extent with rising
concentration. Siddiqui [15] found that black pepper had
a greater allelopathic effect on shoot growth of Vigna
mungo than on root growth with increasing concentra-
tion. Fuentes et al. [16] reported that seed germination is
a less sensitive method than plumule and radicle length
for evaluating phytotoxicity [17,18], and we used the
latter in our study. Detrimental effects of allelochemi-
cals on plant growth were reported by Zahida et al. [19]
and Ilori et al. [20]. Hegde and Miller [21] suggested
that continuous cropping of alfalfa reduces plant growth
due to leaching and exuding of the toxic allelochemicals
from alfalfa into soil.
Phytochemical interactions among plants, ‘allelopa-
thy’, has broad agricultural and ecological applications
[22]. Although allelochemicals can be transformed from
toxic to non-toxic form and vice versa by the action of
soil microorganisms, the role of soil in allelopathy has
not been fully studied. Inderjit [23] observed a signifi-
cant difference in water-soluble phenolic concentrations
in different soils. With higher concentrations of M.  sativa
aqueous extract, a few broad bean seeds succeeded in
germinating. In some cases, seed germination was not
inhibited but disturbed, resulting for instance in smaller
cotyledons, roots or radicles or abnormal seedling
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Table 2
Allelotoxic effects of different concentrations of Medicago sativa crude powder on dry matter accumulation (g) 30 days after planting of Vicia faba
in clay and sandy soil.
Concentration (%) Stem dry weight Leaf dry weight Root dry weight Total dry weight
Clay Sandy Clay Sandy Clay Sandy Clay Sandy
Control 1.73c 2.3c 2c 2.4c 1.33c 1.6c 5.06e 6.3d
1 1.5c 2.4c 1.8c 2.5c 1.06c 1.8c 4.4d 6.7d
2 1.13b 1.9b 1.3b 1.8b 0.9b 1.3b 3.3c 5c
4 0.7a 1.3a 1.06b 1.5b 0.7b 1.06b 2.5b 3.8b
8 0.5a 1.1a 0.7a 0.9a 0.4a 0.8a 1.7a 2.8a
p 0.0002 0.0026 0.0028 0.0011
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Dumbers are means of three replicates.
ifferent letters (in rows) indicate significant differences (p < 0.05) as
evelopment in the form of twisted growth or drastic
ecrease in metabolism rate [24,25]. Inhibition of seed
ermination may be due to water-soluble saponins, hor-
ones and enzymes, which can affect growth directly, or
o alteration of the mobilization of storage compounds
uring germination [26,27]. M.  sativa  aqueous extract is
omposed mainly of cardiac glycosides, with a few other
ctive ingredients, such as alkaloids, tannins, steroids,
aponins, flavonoids, oils and gums. Furthermore, only
ardiac glycosides and flavonoids were detected in M.
ativa crude powder ethanol extract [28].
According to Rice [29], the physical properties of
oil and particularly its texture determine the effect of
 potentially allelopathic species. Although all concen-
rations of M.  sativa  crude powder reduced total weight,
etter results were recorded in sandy soil. It has been
eported that an alfalfa shoot extract containing a poten-
ially autotoxic chemical passes more rapidly through
eaching columns of sandy soil than through columns
ontaining silt clay loam soil [30]. Furthermore, the
hytotoxin juglone (5-hydroxy-1,4-naphthalenedione)
xtracted from black walnut trees killed pines grown on
oorly drained or clay soil, perhaps due to that the nature
f colloidal particles of clay soils, which can absorb
able 3
llelotoxic effects of different concentrations of Medicago sativa crude powde
n two different soil types (clay and sandy).
oncentration (%) N 
Clay Sandy 
ontrol 14.5a 11.5a
 16.5b 13b
 18.5c 17c
 19.5c 18d
 20.5d 19d
 0.0121 
ifferent letters (in rows) indicate significant differences (p < 0.05) as evaluated in a one-way ANOVA test.
most allelochemicals [31]. Clay soils that are poorly
drained result in minimum toxin leaching, whereas sandy
soils are well drained, which maximizes toxin leach-
ing. Our results are supported by those of Rietveld et al.
[32], who reported that well-drained, well-aerated sandy
soils enhance the activity of aerobic microorganisms that
accelerate toxin degradation.
The finding that a gradual increase in N concen-
trations in both soil types correlated significantly with
higher M.  sativa  crude powder concentrations is in accor-
dance with the study of Fan et al. [33], who concluded
that biomass, grain yield and N acquisition of Vicia  faba
were significantly increased when it was intercropped
with maize. Hikam et al. [34] found an increase in N
uptake when 1% of an allelopathic substance was added
to sandy soil. In both soil types, P and K concentrations
had positive responses to the allelopathic action of M.
sativa crude powder, in agreement with Bhowmik and
Doll [35], who reported that the concentration of P was
higher when common ragweed (Ambrosia  artimisifo-
lia) and velvetleaf (Abultilon  theophrasti) residues were
present in soybeans. Furthermore, allelochemicals may
influence P absorption [36]. The uptake of P by clay soil
was negatively affected by an increase in M.  sativa  crude
r on the concentration (mg/g d.wt.) of N, P and K of Vicia faba sowing
P K
Clay Sandy Clay Sandy
1.4a 1.3a 20.5a 19a
1.6a 1.2a 24b 21.5b
1.9b 1.6b 25.5b 24.5c
2.3c 2c 30c 27d
2.8c 2.4c 33.5d 32e
0.0006 0.0010
ed in a one-way ANOVA test.
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he standFig. 3. Allelotoxic effects of different concentrations of Medicago sat
faba sown in clay soil (CS) or sandy soil (SS). Vertical bars indicate t
powder concentration. Generally, the crude powder sup-
pressed K uptake in both soil types, in accordance with
the report that the elusiveness of K is a consequence of
the amount and type of clay minerals present in soil [37].
5.  Conclusion
Soil type significantly affects allelotoxic activity, as
shown by the difference in growth and inhibition param-
eters measured in the target plant. This also affects the
concentration and uptake of nutrients such as N and P
by the target plant. This study highlights the importance
of soil type in germination bioassays as a component of
allelopathy studies.
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